SSc is complicated in $10% of the patients by pulmonary arterial hypertension (PAH), a rare dyspnoea-fatigue syndrome caused by an increase in pulmonary vascular resistance. The prognosis of SSc-PAH is particularly poor, with estimated survival rates of $50% at 2 yrs without pulmonary circulation-targeted therapies. Prostacyclins, endothelin receptor antagonists and phosphodiesterase-5 inhibitors have been shown to be efficacious in PAH, with persistent long-term benefit and approximate doubling of survival rate, and these encouraging results appear transposable to the SSc-PAH subcategory. However, PAH as well as SSc-PAH remain incurable, with insufficient functional improvement in many patients. More progress is needed, and this will require more effective drugs and adapted outcome measures.
Introduction
Pulmonary arterial hypertension (PAH) is a rare dyspnoeafatigue syndrome caused by an increase in pulmonary vascular resistance (PVR) and eventual right ventricular failure [1] . The condition is either idiopathic (iPAH), or occurs in association with a variety of conditions including SSc (SSc-PAH). Screening strategies based on a combination of clinical suspicion, echocardiography and right heart catheterization allow for a diagnosis of PAH in up to 10% of the patients with SSc [2] . In spite of advances brought about during the last decade by the introduction of prostacyclins, endothelin receptor antagonists (ERAs), and phosphodiesterase-5 inhibitors (PDE5is) [3] , PAH remains incurable, with a median survival still limited to 5-6 yrs, which decreases to 2-3 yrs in SSc-PAH [4] .
Efficacy of PAH therapies
Most randomized controlled trials (RCTs) of new therapies in PAH have relied on exercise capacity measured by the distance walked in 6 min as a primary end-point. The logic of this approach is that the aerobic exercise capacity or maximum oxygen uptake in heart failure is predominantly determined by maximum cardiac output [5] . The symptomatology of PAH is explained by right ventricular failure caused by an increased PVR [6] . Because of the tight linear relationship between oxygen uptake and muscle work, which translates into maximum average running or walking speed, exercise capacity can be reliably estimated by a distance run or walked in 6 or 12 min as submaximal exercise tests [5, 6] . The 6-min walk distance (6MWD) is a simple, cheap, safe and reproducible measurement, which has been extensively used to assess the effects of drugs in PAH patients [5, 6] . The 6MWD has been shown to be well correlated to New York Heart Association (NYHA) functional class, maximum oxygen uptake, PVR and survival [7] in chronic obstructive pulmonary disease (COPD) and iPAH and is sensitive to pharmacological interventions [8] .
This reasoning has been questioned by a recent meta-analysis. The authors examined 10 RCTs of the ERAs bosentan and sitaxsentan and of the PDE5i sildenafil in a total of 613 patients with PAH, of whom 186 with SSc-PAH received the active treatment and 72 SSc-PAH received placebos [9] . The effect size, which is the ratio of the treatment effect (mean difference in treatment group minus mean difference in placebo group) to the pooled S.D. of these differences, was 0.31 for bosentan, 0.26 for sitaxsentan and 0.53 for sildenafil in SSc-PAH, while for the whole PAH population, these values were of 0.61, 0.33 and 0.58, respectively. By convention, effect sizes of <0.2 are usually considered trivial, 0.2-0.5 as small, 0.5-0.8 as moderate and >0.8-1.2 as important to very important [9] . Therefore, the study concluded that the 6MWD seemed to indicate a poor therapeutic response of SSc-PAH to currently used therapies in PAH patients. However, whether effect sizes for 6MWD are really different between PAH subcategories remains uncertain. Small effect sizes for the 6MWD may simply reflect the limited, but still clinically relevant, efficacy of available PAH therapies or it may, indeed, reflect lack of responsiveness to these therapies in SSc. On the other hand, PAH as a disease entity is described by more than just exercise capacity, and one could consider other measures of improvement based on signs and symptoms scores, the NYHA functional class, more extensive dyspnoea scores, echocardiographic or haemodynamic measurements and chemical biomarkers [10] . There may be in addition a need for more specific outcome measures and validation in SSc-PAH [11] .
results [13] . Even more difficult is the assessment of long-term effects of drugs shown efficacious in short-term RCT, where one remains limited to registries with associated suboptimal levels of evidence. It is nevertheless remarkable that a recent 6-yr longitudinal, single-centre study of 92 patients with SSc-PAH reported an improved 2-yr survival from 47% (historical controls) to 71% with the introduction of efficacious oral therapies for PAH [14] .
Future studies
There is an on-going debate as to whether the 6MWD is the ideal primary end-point in PAH, especially in SSc-PAH. While there has been no study specifically aimed at the determination of the minimal change in 6MWD clinically meaningful in PAH, the presence of systemic disease would be expected to decrease the sensitivity of the measure. In patients with COPD, in whom exercise capacity limitation is multifactorial, the minimal-change 6MWD perceived by the patients as being clinically meaningful is $54 m [15] . However, in PAH including SSc-PAH, a mean change in 6MWD of 8 m was reported to be associated with significant changes in dyspnoea-fatigue rating and clinical scores after only 6 weeks of subcutaneous treprostinil therapy [16] .
Alternative end-points are being investigated and actively built into trials [10, 11] . Time to deterioration is an interesting alternative to the 6MWD as it measures clinical stability, which is a desirable result to achieve in the less severely ill patients. Chemical biomarkers are being closely examined. Whether more specific end-points are to be considered when PAH is associated with SSc is a challenging question, which will be answered only with properly designed RCTs using new expert consensus-derived outcome measures. [3, 8] for which data on SSc or CTD subgroups could be retrieved. All data, except those for ambrisentan in a general PAH population, represent placebo-corrected mean/median treatment effects. For ambrisentan in general, PAH population mean improvements from baseline are given. Epo, intravenous epoprostenol; Trepr, subcutaneous treprostinil; Bos, bosentan; Sitax, sitaxsentan; Ambri, ambrisentan. The numbers given next to names of medications correspond to daily dose in milligrams.
Rheumatology key messages
The prognosis of SSc-PAH has been improved with the advent of prostacyclin, endothelin receptor antagonists and PDE5is. However, current treatments of SSc-PAH remain unsatisfactory, with reported 2-yr survival rates of 71%. End-points such as the 6MWD, the Borg dyspnoea score, NYHA functional class and haemodynamics show directional (although not usually statistically significant) changes in the SSc-PAH subgroups of randomized controlled PAH trials. Development of expert consensus-derived disease-specific outcome measures and devoted RCTs is needed for further progress in the treatment of SSc-PAH.
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